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Abstract
The fundamental issues of the beach erosion including the difficulty in social and comprehensive adjustments of the beach erosion
were discussed through a case study, taking the Ichinomiya coast on south Kujukuri Beach as an example. On this coast, sand
supply from the sea cliffs markedly decreased as a result of the preventive measures against cliff erosion on upcoast, resulting in
the downcoast erosion. Artificial headlands have been constructed since the 1990 as a measure against shoreline recession, but
this caused further downcoast expansion of the beach erosion. Finally, it became difficult to escape from a vicious cycle of seawall
construction - downcoast erosion - seawall construction - downcoast erosion, permitting further expansion of the erosion area.
Such difficulties were analyzed.
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1. Introduction
Beach erosion is mainly caused by the spatial imbalance in longshore sand transport. Accordingly, on a coast that
has been formed under the premise that a large volume of sand was supplied from rivers or sea cliffs, beach erosion
is inevitable when sand supply is markedly reduced or longshore sand transport is blocked by breakwaters. The
fundamental issue is the insufficiency in volume of sand composing the sandy beach. On the other hand, when we
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consider measures against beach erosion, the solution for the beach erosion is significantly affected by human factors.
One of the primary issues is the high benefit-to-cost ratio of the measures against beach erosion, and temporary
measures are often adopted, instead of the most optimum measure from the scientic viewpoint. In addition, although
the measures against beach erosion had to be taken in the order from downcoast to upcoast, as described in many
textbooks, in reality, the recovery works of the upcoast (eroded beach) were preferentially selected, because they
seemed to be the most effective, at least, in the short term, when considering the benefit/cost, or it was difficult to
leave the eroded areas as they were. However, when the measures are taken from the upcoast, a vicious cycle of
measures and erosion occurs. Thus, the fundamental issues often cannot be solved because of the difficulty in social
and comprehensive adjustments of the beach erosion. We investigated these complicated problems through a case
study, taking the Ichinomiya coast on south Kujukuri Beach as an example.
2. Long-term changes of south Kujukuri Beach
Kujukuri Beach of 60 km length,
facing the Pacific Ocean, extends
between Iioka and Taito fishing ports
(for location of Iioka, 35°41’N,
140°43’E) at the north and south ends,
respectively, as shown in Fig. 1. This
beach was formed by the successive
transport of sand supplied from
Byobugaura and Taito sea cliffs located
at the north and south ends of the beach,
respectively. However, foot protection has been
carried out along these sea cliffs since the
1970s, resulting in the marked decrease in sand
supply from the sea cliffs (Uda, 2014).
Simultaneously, longshore sand transport was
blocked by the Iioka and Taito fishing port
breakwaters mainly extended since 1990, and
sand deposited inside the port was disposed
offshore. Thus, the imbalance of longshore
sand transport occurred from the vicinity of the
north and south ends of the long arc-shaped
shoreline. Furthermore, the Katagai fishing port
breakwater was extended at the central part of
Kujukuri Beach, and a large wave-shelter zone
was formed, causing sand transport from the
south coast to inside the wave-shelter zone
(San-nami et al., 2009). The study area is the
southern half of this beach with a 25 km long
shoreline between Katagai and Taito fishing
ports, as shown in Fig. 1. The energy mean
wave height of the study area is H = 1.4 m, and
the predominant wave directions near Katagai
and Taito fishing ports are N134°E and N79°E,
respectively (Uda et al., 2015).
Figure 2 shows the long-term shoreline
changes of south Kujukuri Beach between 1947
and 2012 (Uda et al., 2011), together with the
Fig. 1. Location of south Kujukuri Beach facing Pacific Ocean.
Fig. 2. Shoreline changes between 1947 and 2012
on south Kujukuri Beach (Uda et al., 2011).
Fig. 3. Longshore variation of beach width onsouth Kujukuri Beach.
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locations of two detached breakwaters south of Katagai fishing
port and two groins constructed downcoast of the Ichinomoya
coast. In Fig. 2, the shoreline positions were read from the aerial
photographs in 1947, 1970 and 2012, while the changes in
shoreline position owing to the difference in tide level were
corrected using the tide level and the mean foreshore slope of
1/20. In the study area, three rivers (the Magame, Nabaki and
Ichinomiya Rivers) flow into the sea, as shown in Fig. 1, and
their mouths are fixed by using parallel training jetties.
However, the sand discharge from these rivers is negligible
because of very gentle riverbed slope. In Fig. 2, the shoreline
receded by a maximum of 90 m from 1947 on the Ichinomiya
coast (X = 18–24 km), whereas the shoreline markedly
advanced on the south side of Katagai fishing port because of
predominant northward longshore sand transport in the study
area except for the vicinity of Taito fishing port owing to the
wave-sheltering effect of the breakwater and the existence of
wave-induced northward longshore sand transport in the wave-
shelter zone of Katagai fishing port. Because of the severe erosion on the Ichinomiya coast, 10 artificial headlands
(150 m length, 100 m length for head part and approximately 1 km intervals) have been constructed since 1990 as a
measure against beach erosion. In Fig. 2, the pulse-type shoreline variation observed between X = 18 and 24 km is
due to the marked shoreline advance in the vicinity of the headlands. The construction of these artificial headlands
still continues at present, even though 25 years have passed. A large amount of expenditure was required for the
measure to be taken together with offshore beach nourishment, but the sandy beach of the Ichinomiya coast has not
yet been recovered. Figure 3 shows the longshore variation of the beach width in 2012. On the Ichinomiya coast,
severely eroded in the past, the foreshore has almost disappeared, and the seawall is exposed to waves during winter
except in the vicinity of Taito fishing port.
3. Measures against erosion between headland Nos. 2 and 3
The sandy beach between headland Nos. 2 and 3 of the Ichinomiya coast, as shown in Fig. 4, has long been used
for sea bathing, where the lengths of groin and head parts of the fully-constructed headland are 150 and 100 m,
respectively, and their interval is 900 m. The shoreline changes during the construction of the headlands are shown
in Fig. 5 (Uda et al., 2011). Although the shoreline between the headlands was straight in 1990 and 2000 when the
head part of the headlands has not yet extended, the shoreline markedly advanced behind the headlands since 2005
when the head part began to be extended. The head part of the headland was extended according to the initial plan
as it was planned under the condition that the shoreline has gradually retreated. After the construction of the
headlands, the wave-sheltering effect of the head part of the headlands significantly appeared between the headlands,
resulting in the marked shoreline recession and excess shoreline advance behind the headlands. These shoreline
changes damaged and prevented its use, and a question was raised whether the original plan should be continued.
Then, an adaptive management method was adopted to enhance consensus building on the basis of monitoring data
Fig. 4. Arrangement of artificial headland Nos. 1–10 on Ichinomiya coast.
Fig. 5. Temporal change in shoreline position between
headland Nos. 2 and 3 on Ichinomiya coast.
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(Seino et al., 2013). Even though continuous beach fill between headland Nos. 2 and 3 in the period between 2010
and 2014 using coarse sand of 2.7×104 m3 volume deposited on the south side of Taito fishing port was carried out,
the recovery of the foreshore, which was planned at first did not succeed. Therefore, the construction of a short groin
and additional beach fill had to be included in the consensus building with the local residents. During the consensus
building, further measures against erosion around the Ichinomiya coast were difficult to adopt.
4. Further necessity of measures against erosion between headland Nos. 3 and 4
During the period when discussions on the
measures against erosion between headland Nos. 2
and 3 were continued, the beach was further eroded
upcoast and downcoast between headland Nos. 3
and 4, and on the Hitotsumatsu coast, respectively,
where the lengths of groin and head parts of the
fully-constructed headland are 150 and 50 m,
respectively, and their interval is 960 m. Figure 6
shows a satellite image taken in March 2014
between headland Nos. 3 and 4 together with the site
numbers of Sts. 1–3, where site photographs were
taken on June 5, 2014 and are shown in Fig. 7-9.
Figure 7 shows the beach condition of headland No.
4 as viewed from St. 1. In the central part, a wide foreshore
extended in front of the large gabions that were
constructed parallel to the coastline as a recovery work
against erosion, but the exposure of the large gabions to
waves was seen at the south end. At St. 2, the large gabions
were significantly deformed by waves, and foundation
gravels were exposed to waves, as shown in Fig. 8.
Because of the disappearance of the foreshore in front of
the large gabions and the intense wave action, the crown
of the large gabion markedly collapsed, and the ground
subsidence extended up to the backyard of the gabions at
St. 3, as shown in Fig. 9. The large gabions placed were
constructed as an urgent measure after the erosion caused
by the recovery works. However, these facilities have
Fig. 8. Exposed foundation and destruction oflarge gabions (St. 2). Fig. 9. Subsidence and collapse of crown of large gabion (St. 3).
Fig. 7. Large gabion installed between headland Nos. 3 and 4
and sandy beach (St. 1).
Fig. 6. Shoreline between headland Nos. 3 and 4 and observation sites
on June 5, 2014.
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already been severely damaged, and their protective fuction was lost, implying that the gabions had to be
reconstructed. In this case, the recovery of coastal facilities of the same shape has to be basically adopted in the
Japanese system of site rehabilitation (on-line), and it is difficult for a fundamental measure such as large-scale beach
nourishment to be adopted, resulting in the erosion problem being fundamentally unsolved.
5. Beach erosion of Hitotsumatsu coast
5.1. Shoreline changes
The Hitotsumatsu coast is
located north of the
Ichinimiya River, which
separates the Ichinomiya
coast. Figure 10 shows aerial
photographs of the coast
taken in 2000 and 2014.
Although groin Nos. 1 and 2
had been constructed at
locations 1450 and 1300 m
north of the river mouth,
respectively, up to 2000, a
sandy beach of 60 m width
continuously extended
between the Ichinomiya
River mouth and groin No. 1. With the decrease in sand
supply from the south coast, the sandy beach north of the
river mouth disappeared, and the coastline was protected
by large gabions of over 1170 m length. Figure 11 shows
the shoreline changes between 2000 and 2012 in the study
area, as shown in Fig. 10, which were measured along 61
transects across the shoreline at 100 m intervals. The
shoreline markedly receded in the entire area since 2000,
in particular, with a large shoreline recession south of
groin No. 1.
5.2. Site observation
Although the beach has been eroded since 2000 on the Hitotsumatsu coast, as shown in Fig. 11, storm waves
associated with Typhoon Nos. 18 and 19 successively hit the coast on October 5 and October 14, 2014, respectively,
resulting in further erosion. In what follows, the results of site observations on October 5 during Typhoon No. 18
and October 16 after Typhoon No. 19 are discussed. Figure 12 shows a satellite image taken on March 23, 2014 with
the site numbers of Sts. 4–10, where the site photographs were taken. The Ichinomiya River flows into the Pacific
Ocean at the right end. In this area, sand supply from the south coast was markedly decreased by the installation of
concrete blocks along Taito sea cliffs as a measure against erosion, and downcoast erosion took place due to the
imbalance between the northward longshore sand transport and sand supply. Then, ten artificial headlands were
constructed on the upcoast, that is the Ichinomiya coast, and sand discharge from the coast was blocked, resulting in
further downcoast erosion.
With the severity of the erosion north of the river mouth, large gabions as a temporary measure were constructed
along the shoreline to prevent the road of Chosei Village extending along the coastline from eroding. However, these
gabions were heavily scoured and subsided, and gravel that was contained inside wire cages was scattered owing to
Fig. 11. Shoreline changes of Hitotsumatsu coast since 2000.
Fig. 10. Aerial photographs of Hitotsumatsu coast taken in 2000 and 2014.
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intense wave action. Every time
these types of damage occurred,
recovery works were carried out.
Finally, at present, a large gabion
with foot protection works using
large stones were placed along the
shoreline, similarly to the ordinary
seawall, as shown in Fig. 13 (St.
4). The construction of the seawall
on the coast where northward
longshore sand transport prevailed
prevented the hinterland of the seawall from eroding, and this
further caused the decrease in northward longshore sand
transport from the vicinity of the seawall, resulting in the
severe erosion on the downcoast. Although large gabions were
continuously constructed up to St. 5 located 308 m north of St.
4, the foundation stones of the large gabions significantly
subsided and were scattered at St. 5, as shown in Fig. 14. The
deformation of the large gabions was severe at a location on
the bottom of the arc-shaped shoreline designated by arrow A
between the Ichinomiya River and groin No. 1, as shown in
Fig. 12, where the toe depth of the gabions was assumed to
have increased because of the absence of foreshore, and thus
wave action to the gabions increased, causing a large
deformation of the gabions. In contrast, at St. 6 behind groin
No. 1, a wide sandy beach was left due to the blockage of
northward longshore sand transport by the groin on the south
side, as shown in Fig. 15.
On the north side of groin No. 1, severe erosion occurred
and the village road almost disappeared. Figure 16 shows a
3.5-m-high scarp formed at St. 7 140 m north of groin No. 1.
However, the height of the scarp gradually decreased with the
northward distance from groin No. 1. Figure 17 shows the
village road taken from St. 8 facing the south. Although
almost all of the village road was maintained as it was near St.
8, the road width was narrowed southward, and the road was
entirely eroded at St. 9, 50 m south of St. 8, as shown in Fig.
18. Furthermore, scarp formation reached the wooden piles
placed along the boundary between the shore protection and
the coastal forest zones. The embayed shoreline north of
Groin No. 1 can be seen from this figure, and the most
severely eroded area is located immediately downcoast of Groin No. 1. Figure 19 shows the overall situation of the
erosion zone taken from St. 10 on top of the sand dune. Half of the sand dune was eroded away. Groin No. 1 was
constructed at first to reduce erosion on the upcoast, as shown in Figs. 13 and 14, but in fact, further erosion has
occurred and the entire coastline of the upcoast was covered with the seawall. Thereafter, the severe erosion zone
has expanded up to the north of Groin No. 1. The expansion of the eroded zone was triggered by the adoption of
countermeasures from the upcoast on a coast with a predominant northward longshore sand transport. In the past,
although erosion began from the vicinity of the Ichinomiya River mouth on the Hitotsumatsu coast, it was difficult
to escape from a vicious cycle of seawall construction - downcoast erosion - seawall construction - downcoast
erosion, permitting further expansion of the erosion area.
Fig. 14. Foundation stones scattered by waves (St. 5).
Fig. 13. Foundation stones placed along the toe of
large gabions (St. 4).
Fig. 12. Satellite image of Hitotsumatsu coast and observation sites.
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6. Concluding remarks
South of the Ichinomiya River mouth, the beach has
been severely eroded since the 1970s owing to the
imbalance of northward longshore sand transport, except
in the vicinity of Taito fishing port, as shown in Fig. 2.
Given these situations, the Chiba Prefectural Government
constructed ten artificial headlands as a measure since
1990. However, it took a long time to construct the
artificial headlands because of the huge construction cost.
During the construction period, the beach was eroded,
causing large gaps between the shore protection plan and
the reality of the coast. In this case, the difficulty increased
because the eroded area, which is also famous for sea
bathing and surfing, was located on the upcoast relative to the longshore sand transport, and measures had to be
taken there. Despite the various measures taken, sand was gradually transported away by northward longshore sand
transport, resulting in further erosion including the offshore zone, while decreasing the effect of the measures. Under
these conditions, primary actions were taken to recover the sandy beach between headland Nos. 2 and 3, which have
been highly utilized as a sea bathing beach, and measures against erosion in upcoast and downcoast areas were
Fig. 19. Erosion up to the top of sand dune (St. 10).
Fig. 15. Groin No. 1 and upcoast sandy beach (St. 6). Fig. 16. Scarp of 3.5 m height formed downcoast of
Groin No. 1 (St. 7).
Fig. 18. Erosion reached close to the boundary between shore
protection and coastal forest zones (St. 9).
Fig. 17. Eroded village road observed from St. 8.
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insufficient. In the area between headland Nos. 3
and 4 located upcoast, the large gabions that were
constructed as an urgent measure were destroyed
from the foundation, and restoration of the large
gabions are required at present. Even though the
same damage will recurrently occur within several
years as long as the same facilities are constructed
similarly, it is also difficult to leave the damaged
facilities as they are because of further expansion
of the destruction of the facility. Thus, the coastal
administrators cannot investigate the causes
thoroughly from the fundamental view point of
erosion because they are busy in recovery works.
This is the reality of the erosion.
Because Kujukuri Beach is composed of fine sand with a gentle slope, we have often observed plovers eating on
the shoreline, as shown in Fig. 20, before erosion. In the past, the same scene could be observed everywhere on the
Ichinomiya coast, but such scene has rapidly disappeared. The stopgap measures against beach erosion led to failure
in the end; sea bathing places were shut down and surfing grounds were devastated. The spawning sites of sea turtles
were lost, and coastal ecotone disappeared. Under the Seacoast Law enforced in 2000, the balance among protection,
environment and use of the coast was stated, but such balance was impossible to consider because of the severe
erosion. Furthermore, the systematic and social issues in Japan deeply relate to each other, and it is difficult to
determine the real solutions.
In summing up the experiences on the measures against beach erosion on the Ichinomiya coast, the following
issues are pointed out:
(a) The adoption of hard measures from the upcoast, where longshore sand transport prevails and often has a high
cost performance of the measures, accelerates downcoast expansion of the erosion. When a method focusing only
on a short-period efficiency is adopted, it induces the transition of the natural sandy beach into an artificial coast
protected by hard structures together with the increase in the final cost.
(b) The basic concept of the Restoration Law defining the scope of the recovery of damaged civil engineering
facilities in Japan is in the restoration of the original form of the facilities, instead of removing the fundamental
causes of the structural damage. Therefore, this causes downcoast expansion of the protected area soon after the
recovery. These shortcomings must be revised so that the fundamental causes are addressed.
(c) We must understand that, in coastal damage, the idea that “protective measures must be quickly taken after the
disaster” is not always correct, unless the fundamental causes of the erosion are sufficiently considered.
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